a phenotypically unique strain of Pseudomonas aeruginosa producing a pungent, ''rotten-potato'' odor and a positive lysine decarboxylase reaction was isolated from 39 patients at UCLA Medical Center (Los Angeles). Most cases (95%) were in intensive care units and had clinical infections (72%). Most isolates (74%) were recovered from cultures of respiratory secretions. To determine risk factors for acquisition of the organism, 23 cases were compared with 23 randomly selected controls matched by service and isolate date. Multivariate analysis revealed that isolation of malodorous P. aeruginosa was associated with mechanical ventilation of ú24 hours' duration (odds ratio [OR] Å 9.4; P Å .001) and transfer from an outside hospital (OR Å 5.7; P Å .04). DNA from outbreak strains hybridized to P. aeruginosa -specific toxin A and phospholipase C gene probes and all outbreak isolates tested were found to be identical by use of pulsed-field gel electrophoresis. An unusual phenotypic characteristic of the strain led to the recognition of a nosocomial outbreak of P. aeruginosa infection associated with mechanical ventilation.
From July 1994 through November 1996, a phenotypically unique strain of Pseudomonas aeruginosa producing a pungent, ''rotten-potato'' odor and a positive lysine decarboxylase reaction was isolated from 39 patients at UCLA Medical Center (Los Angeles). Most cases (95%) were in intensive care units and had clinical infections (72%). Most isolates (74%) were recovered from cultures of respiratory secretions. To determine risk factors for acquisition of the organism, 23 cases were compared with 23 randomly selected controls matched by service and isolate date. Multivariate analysis revealed that isolation of malodorous P. aeruginosa was associated with mechanical ventilation of ú24 hours' duration (odds ratio [OR] Å 9.4; P Å .001) and transfer from an outside hospital (OR Å 5.7; P Å .04). DNA from outbreak strains hybridized to P. aeruginosa -specific toxin A and phospholipase C gene probes and all outbreak isolates tested were found to be identical by use of pulsed-field gel electrophoresis. An unusual phenotypic characteristic of the strain led to the recognition of a nosocomial outbreak of P. aeruginosa infection associated with mechanical ventilation.
Pseudomonas aeruginosa, like many other nonfermenting
Methods gram-negative rods, is an environmental organism found fre-
Case Definition and Case Finding
quently in water and soil. Because of the organism's ability to survive in moist environments, P. aeruginosa has become an A case was defined as any patient hospitalized at the UCLA important nosocomial pathogen, especially among patients in Medical Center during the period January 1994 through Deintensive care units (ICUs) [1] . On the basis of data from cember 1996 from whom malodorous P. aeruginosa was isothe National Nosocomial Infection Surveillance System for the lated. Cases were identified in the clinical microbiology laboraperiod 1986 -1996, P. aeruginosa was the most common pathotory on the basis of the unique phenotypic characteristic of the gen associated with nosocomial pneumonia among patients in P. aeruginosa isolates. ICUs [1] . Rapid identification of P. aeruginosa in culture is facilitated by the organism's typical colony morphology and
Microbiological Characterization
production of diffusable pigments and the presence of a fruity, grape-like odor [2] .
All clinical isolates with a rotten-potato odor were identified UCLA Medical Center (Los Angeles) is a large (500-bed), with use of automated methods (VITEK-GNI cards; bioMér-tertiary-care teaching hospital. In July 1994 a strain of P. aeruieux, Hazelwood, MO). Species identification was confirmed ginosa with a ''rotten-potato'' odor (described by the microbiby complete manual biochemical characterization [3] . Antimiologists as ''smelly'') was detected in several patient specimens crobial susceptibility testing was performed on all isolates by submitted to the UCLA Clinical Microbiology Laboratory. In the use of the broth microdilution method with microdilution the following weeks, additional malodorous P. aeruginosa isotrays prepared in-house [4] . lates were identified, predominantly from patients hospitalized
To confirm the identification of the malodorous strains, on the neurosurgical and liver transplantation services. We
Southern hybridization was performed with use of the highly describe the molecular characteristics of a unique strain of conserved P. aeruginosa toxin A and phospholipase C gene malodorous P. aeruginosa and the results of an investigation probes, according to modification of the methods of Vasil et of risk factors for its acquisition.
al. [5, 6] . Chromosomal DNA was isolated in agarose from P. aeruginosa ATCC (American Type Culture Collection) 27853 (positive control), Pseudomonas stutzeri (negative control), Pseudomonas putida (negative control), and three mal-Boston, MA). High-stringency hybridization (at 65ЊC) was perOdds ratios and 95% confidence intervals were calculated. The statistical significance of odds ratios were determined using the formed by using P 32 -radiolabeled probes, according to the method of Southern [8, 9] . A 1.5-kb toxin A gene probe (after Mantel-Haenszel x 2 test. Continuous variables were compared with use of the Wilcoxon two-sample test. We also used fordigestion of plasmid pCMtox DNA with BamHI) or 1.4-kb phospholipase C gene probe (after digestion of plasmid ward stepwise logistic regression to determine independent risk factors for acquisition of malodorous P. aeruginosa by using pGV-26 DNA with StuI and PstI) were used for DNA hybridization [5, 6] .
SPSS Professional Statistics 7.5 (SPSS Inc., Chicago). Potential risk factors examined included the presence of a Strains were characterized by means of pulsed-field gel electrophoresis analysis of outbreak and non-outbreak-associated central venous catheter or nasogastric tube, transfer from another hospital, mechanical ventilation for ú24 hours, and adisolates of P. aeruginosa with use of the same methods and running conditions as described above. Isolates that differed mission to an ICU. These variables were chosen because of the strength of their association in the univariate analysis. We by three or fewer bands on visual inspection were considered to be derived from the same strain [10] .
excluded admission to an ICU from the final model because this factor was highly correlated with the variable of mechanical ventilation for ú24 hours. Goodness of fit of the final model
Case-Control Studies
was assessed by the Naegelkerke R 2 statistic. All P values were two-tailed; a P value of £.05 was considered statistically To determine risk factors for acquisition of malodorous P. aeruginosa, we selected 23 cases from the initial outbreak significant. in 1994 -1995 who were hospitalized on the neurosurgical or liver transplantation services at the time of the first isolation Results of malodorous P. aeruginosa. These patients were compared with 23 controls who were randomly selected from among all Descriptive Epidemiology patients on the neurosurgical or liver transplantation service From July 1994 to November 1996, 39 cases harboring malon the days when malodorous P. aeruginosa was first isolated odorous P. aeruginosa were identified. There were two distinct from the cases (i.e., the referent date). Controls had to have clusters of cases (figure 1). From July 1994 through February had one or more cultures performed and could never have had 1995, 46 malodorous P. aeruginosa isolates were recovered from an isolate of malodorous P. aeruginosa recovered.
34 cases. After a period of 18 months, during which no isolates Risk factors examined included sex, age, inpatient unit in of malodorous P. aeruginosa were detected, 20 isolates of malthe hospital, admission status (admitted from home or transodorous P. aeruginosa were recovered from five additional cases ferred from another hospital or long-term care facility), primary (from September 1996 through November 1996). During both diagnosis, recent surgery, performance of invasive procedures clusters there were no changes in the microbiological assessment (placement of central venous devices or urinary catheters or of clinical samples, the definition of nosocomial infections, or intubation), duration of mechanical ventilation, and receipt of the nosocomial surveillance program [12] . immunosuppressive drugs (i.e., steroids or chemotherapy),
The characteristics of the 39 cases are shown in table 1. class and total number of antimicrobials administered, and use From one to nine isolates of malodorous P. aeruginosa were of nebulized or metered-dose inhalants and antacids.
recovered from each case. For the 14 cases with more than To determine risk factors for the acquisition of malodorous one culture positive for malodorous P. aeruginosa, cultures P. aeruginosa among patients in one of the ICUs, we restricted were performed from 1 day to 6 months after recovery of the the analysis to the 23 cases and 10 controls from the first casecontrol study who were hospitalized in the neurosurgical or liver transplantation ICUs on the referent date, and we compared the demographic, clinical, and treatment characteristics. Seven additional controls hospitalized in other ICUs (surgical ICU, one; pediatric ICU, six) were excluded from this analysis. In this study, we assessed the severity of illness by using a simplified physiological scoring system adopted from that of Chow et al. [11] .
Statistical Methods
Data were collected and analyzed by using Epi-Info software (Version 6.02, Centers for Disease Control and Prevention, Atlanta). For the univariate analysis, proportions were com- transferred from another medical center, nine of the initial 10 cases identified had been admitted from home. Cases who were transferred from other medical centers had significantly longer initial isolate (median time, 9 days). The initial isolate was associated with clinical infection in 28 (72%) of the cases; the stays in ICUs than did those admitted from home (median length of stay, 11 days vs. 5.5 days; P Å .05); total durations remaining 11 cases (28%) represented colonization. The crude mortality was 18% (7 of 39 cases died), but death was directly of hospitalization were also longer for cases transferred from other medical centers (median duration, 37 days vs. 24 days; attributed to infection with malodorous P. aeruginosa for only one case (3%). P Å .04). On multivariate analysis, isolation of malodorous P. aerugiIn the initial cluster of 34 cases detected from July 1994 through February 1995, the cases were on 14 different inpatient units, nosa was significantly associated with transfer from an outside hospital (OR Å 5.7, 95% CI Å 0.9 -36.7; P Å .041) and including eight ICUs, during the 30-day period before the acquisition of malodorous P. aeruginosa. Most of these cases (23 [68%]) mechanical ventilation for ú24 hours (OR Å 9.4, 95% CI Å 2.0 -44.0; P Å .001). Because mechanical ventilation of ú24 were admitted to either the neurosurgical (n Å 12) or liver transplantation (n Å 11) services. During the initial cluster the attack hours' duration and admission to an ICU were highly correlated, it was not possible to assess the independent contribution rate was higher among patients hospitalized in the neurosurgical ICU (12 of 450 [2.7%]) than among those in the liver transplantaof stay in an ICU to the multivariate model. The model fit the data modestly well, explaining 40% of the variation in the data. tion ICU (11 of 592 [1.9%]). Of the 34 cases in the initial cluster, two had P. aeruginosa detected in respiratory secretions for 2
To determine risk factors for isolation of malodorous P. aeruginosa from patients in one of the ICUs, we compared months after the initial isolate was detected. The last case was identified in January 1995 and was discharged from the hospital the characteristics of the 23 cases and 10 controls who were in the liver transplantation or neurosurgical ICU on the referent in February 1995.
No additional cases were identified until September 1996, culture date. Cases were more likely to have been transferred from another hospital (9 of 23 vs. 0 of 10; OR Å not deterat which time four additional cases were identified. A fifth case was identified in November 1996. None of these five cases had mined; P Å .032) and to have been in an ICU for ú48 hours (23 of 23 vs. 7 of 10; OR Å not determined; P Å .021) than previously had malodorous P. aeruginosa isolated. Four of these cases were identified during the same week in September were controls. tended to have higher severity of illness scores than controls nosa, although this strain lacked the outbreak phenotype. After the outbreak was recognized, additional infection-control edu-(median simplified physiological score, 6.0 vs. 4.0; P Å .13). Cases and controls did not differ significantly with respect to cation was provided to ICU staff, including respiratory therapists, and use of contact precautions was emphasized [13] . any other risk factor examined, including the primary diagnosis, duration of mechanical ventilation, length-of-stay in an ICU, or receipt of selected medications.
Microbiology
All malodorous isolates had the same phenotype, which con-
Procedure Review and Control Measures
sisted of a flat, spreading, shiny (with oil on water -like color) colony morphology on blood agar plates; beta hemolysis; and Because acquisition of malodorous P. aeruginosa was associated with mechanical ventilation, we reviewed respiratory pyocyanin production. These phenotypic characteristics were stable after five subcultures on blood agar plates. The odor was care practices and procedures. Several respiratory care procedures had been instituted earlier in 1994; these procedures present in all the isolates, was very pungent, and was described as a rotten-potato odor. The odor was more intense when the included the use of single-use ventilator circuits and tubing throughout the hospital, a decrease in the frequency of heated organism was cultured on a blood agar plate than when it was cultured in brain-heart infusion broth. water circuit changes from 7 days to 14 days, and use of 10% sodium hypochlorite to disinfect reusable ventilator circuit
The isolates were identified as P. aeruginosa by using an automated method and conventional manual biochemical testtemperature probes. Staffing patterns had not changed during the outbreak period; a single respiratory therapist was assigned ing. Representative isolates were fully characterized on the basis of complete manual biochemical testing [3] . The strain to a given ICU during each shift. Review of procedures with respiratory therapists revealed that multidose vials of nebulized was a nonfermenting gram-negative rod with characteristic colony morphology and was oxidase positive, acetamide positive, medications intended for single-patient use occasionally were administered to more than one patient. and pyocyanin positive. The complete biochemical profile of these isolates, except for the lysine decarboxylase reaction, was In October 1994 limited environmental culturing was performed in the neurosurgical ICU. A culture of the analyzer typical for P. aeruginosa. The malodorous P. aeruginosa strain had a delayed lysine decarboxylase reaction that became posiports of an in-use cerebral blood-flow monitor yielded Serratia marcescens, Stenotrophomonas maltophilia, and P. aerugitive after 48 hours of incubation, whereas a representative clini- The species identification of P. aeruginosa was confirmed by DNA hybridization analysis. Use of a radiolabeled 1.4-kb StuI-PstI-generated DNA fragment of plasmid pGV-26 containing the phospholipase C gene resulted in hybridization to an Ç160-kb fragment of SpeI-digested malodorous P. aeruginosa DNA. The probe hybridized to an Ç80-kb fragment of the reference P. aeruginosa strain and did not hybridize to P. stutzuri or P. putida DNA (figure 2). Use of a radiolabeled 1.5-kb-generated BamHI DNA fragment of plasmid pCMtox containing the toxin A gene resulted in hybridization to a frag- nonmalodorous P. aeruginosa isolates recovered during the outbreak period (figure 3).
Discussion
ated with an unusual clone of P. aeruginosa that produced a From July 1994 through November 1996, two widely sepapungent rotten-potato odor were detected in our institution. In rated clusters of respiratory infection and colonization associthe investigation of these clusters, the rotten-potato odor was a very sensitive and specific phenotypic marker for identifying the outbreak strain in the microbiology laboratory. P. aeruginosa characteristically has a fruity, grape-like odor, and to our knowledge, strains of P. aeruginosa producing the rotten-potato odor have not been described previously. Only Serratia odorifera, Pseudomonas mucidolens, and Pseudomonas taetrolens have been described as producing the characteristic rottenpotato odor [14 -16] . The latter two bacteria produce this odor when they contaminate food, and the odor has been attributed to the pyrazine derivative 2-methoxy-3-isopropylpyrazine [15, 16] . In addition, the malodorous P. aeruginosa strain had a delayed positive lysine decarboxylase reaction, while typical P. aeruginosa strains are lysine decarboxylase negative. Lysine decarboxylase degrades the amino acid lysine into CO 2 and into the amine compound cadaverine [17] . In the Pseudomonas group, only S. maltophilia and Burkholderia cepacia are lysine decarboxylase positive [18] . Because the outbreak strain possessed at least two phenotypic characteristics atypical of P. aeruginosa organisms (i.e., A gene is present in 95% of strains, and the phospholipase C / 9c4e$$ju55 05-19-98 14:32:52 cida UC: CID gene is present in 100% of strains tested, and these genes are Although we found evidence of polymicrobial contamination of an inadequately disinfected cerebral blood-flow doppler species specific [19] . These gene probes have been used for restriction fragment length polymorphism analysis to type monitor used in the neurosurgical ICU in 1994, the outbreak strain was not detected in the hospital environment, and no P. aeruginosa strains [19 -21] .
Pulsed-field gel electrophoresis of chromosomal DNA reexposure of the ventilator circuitry to a potable water source was identified. Thus, we cannot exclude an environmental vealed that a single clone of malodorous P. aeruginosa was associated with two clusters of cases that were separated by source for the outbreak strain. In addition, although multidose vials of nebulized medications occasionally were administered an 18-month period. Although the same clone was associated with both clusters of cases, we were unable to identify an to more than one patient, receipt of extrinsically contaminated, multidose nebulized medications appears to be an unlikely environmental source of the initial or recurrent outbreak. However, several findings suggest that patients with chronic respirasource of transmission in this outbreak, since only nine (26%) of 34 cases received nebulized medications. tory colonization may have served as reservoirs for reintroduction of the strain into the hospital in September 1996. First, Once introduced into the neurosurgical ICU in 1994, the outbreak strain appeared to spread via person-to-person transmalodorous P. aeruginosa was detected in the respiratory secretions of cases for £6 months. In addition, culture of respiramission, first among patients in this unit and then to patients in other inpatient units. Transmission was likely facilitated by tory secretions obtained from a patient in November 1996 yielded malodorous P. aeruginosa on the day of admission frequent transfer of patients within the hospital. P. aeruginosa outbreaks have been associated with transmission via the hands to the hospital. This patient had been hospitalized four times previously, including an admission during the initial cluster, of a health care worker [28] .
In the present investigation the unusual odor of a strain of suggesting previous nosocomial acquisition. Other cases of asymptomatic respiratory colonization may also have occurred P. aeruginosa led to the recognition of a large nosocomial outbreak that otherwise may not have been detected. Despite and not been detected if sputum cultures had not been performed.
the fact that the outbreak strain possessed the unusual phenotypic characteristics of a rotten-potato odor and a positive lysine Multivariate analysis indicated that acquisition of malodorous P. aeruginosa was associated with mechanical ventilation decarboxylase reaction, it was confirmed to be P. aeruginosa on the basis of biochemical and genotypic characteristics. The in an ICU and with transfer from another hospital. Most isolates of the outbreak strain were from respiratory specimens, and identity of the chemical producing the rotten-potato odor in the outbreak strain, as well as the location of the locus encoding most were associated with clinical signs and symptoms of lower respiratory tract infection. Nosocomial outbreaks of P. aerugithis compound, are still unknown. Further studies are needed to evaluate the genetic differences between this malodorous nosa respiratory infection have been reported and have been associated with duration of mechanical ventilation, receipt of strain and other P. aeruginosa strains. nebulized medications, invasive procedures, and exposure to contaminated hospital-water supplies and medications [22 -27] . Although transfer from another hospital was also a sig-
